Esta es la versión de autor del artículo publicado en: This is an author produced version of a paper published in: structure which is retained not only when they interact weakly with alkaline cations but also when they do it with more strongly interacting copper(I) ions.
Introduction
Metal bis(1,2-dithiolene) complexes have gained a considerable research interest due to the important physical properties they may exhibit, as well as the structural diversity and their redox chemistry. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] As far as we know, most of the copper bis(dithiolene) derivatives are ion pair molecules [15] [16] being scarce the examples concerning the formation of coordination polymers. Thus, it has been reported the syntheses of CPs {[K(CH 3 2 ]} n (btdt= 2,1,3-benzenethiadiazole-5,6-dithiolate) 17 and the PC (porous coordination polymer) Cu[Cu(pdt) 2 ], 18 (pdt= pyrazine-2,3-dithiolate). On the other hand, it is well-known that the nature of the counter-cation and the coordinating solvents used in the crystallization process among other factors can affect the dimensionality of the polymers. [17] [18] [19] We have previously described 20, 21 a study carried out to evaluate the effect of the size of the alkali countercation as well as of the solvent used in the crystallization process on the resulting structures containing the dianionic entity [Fe 2 (SC 6 (6) . Additionally, preliminary electrical characterization has been carried out for compounds 3 and 4 showing a semiconductor behaviour.
Results and discussion
In previous works, it was described the reaction between Na[Cu(pdt) 2 This latter synthetic procedure was also employed to obtain compound 2 replacing NaOH by KOH. As can be seen in Fig. 1 The Cu atom in the anionic moiety is coordinated to four sulfur atoms corresponding to two chelating dithiolato ligands affording a square-planar environment, as usual for d 8 copper(III) metal centres. The sodium/potassium is coordinated to six oxygen atoms of the thf solvent yielding an octahedral geometry around this metal. In both compounds, the two 3,6-dichlorobenzene-1,2-bis(thiolate) ligands coordinated to the metal centre are parallel but not coplanar as they are displaced 0.20 and 0.42 Å for compounds 1 and 2, respectively. Consequently, the CuS 4 coordination plane is tilted 3.9 (for 1) and 8.4 0 (for 2) with respect to the 3,6-dichlorobenzene-1,2-bis(thiolate) mean plane. The Cu-S and Na-O distances (Tables  S1 and S2) , are in the range found for analogous complexes. 21, 22 Despite these apparent similarities between the building blocks, the supramolecular architecture differs significantly. The differences do not seem to come from the presence of strong supramolecular interactions such as hydrogen bonds, aromatic stacking or halide···halide contacts. Indeed, the presence of that kind of interactions usually leads to lamellar architectures in which layers of alternated cationic and anionic entities. In this case, the assembly of the charged building units comes from the optimization of the electrostatic forces by surrounding each ionic entity by the greatest number of complex entities of opposite charge that can be accommodated considering their size. In fact, the [Cu(SC 6 H 2 Cl 2 S) 2 ] -entities are surrounded by a different number of cationic complexes depending on the size of the alkali cations, being eight in a pseudo-cubic arrangement for compound 1 (Na) or six in a pseudo-octahedral arrangement for compound 2 (K). Analogous reactions to those described above for the synthesis of compounds 1 and 2 but using Rb 2 CO 3 entities but the softer nature of the rubidium and caesium cations apparently promotes their coordination to the sulfur and chloro soft donor atoms of the 3,6-dichlorobenzene-1,2-bis(thiolate) ligands. The steric hindrance generated by the anchorage of the alkali cations to the [Cu(SC 6 H 2 Cl 2 S) 2 ] -entities does not allow the incorporation of the THF molecules into the coordination sphere but the smaller size of the water molecules allow their inclusion within the coordination sphere. Selected distances for compound 3 and 4 are collected in Tables S3 and  S4 . As described above, the bulky alkaline cations act as linkers between the copper-dithiolate entities giving rise to 2D coordination polymers. The main difference between both crystal structures (Fig. S1 ) comes again from the size of the alkali cations that exerts a decisive influence on the number of coordinative interactions that it can establish. In such a way, Rb + cation is located in a RbS 3 Cl 2 O 2 environment coordinated to sulfur and chlorine atoms belonging to three [Cu(SC 6 H 2 Cl 2 S) 2 ] fragments and two bridging water molecules. At this point, it is worth mentioning that the rubidium atom and the water molecules are disordered between two symmetry related positions (Fig. S2) . On the other hand, the bigger Cs + cation presents a CsS 4 Cl 4 O coordination sphere in which the metal centre is coordinated to four κCl,κS-chelating 3,6-dichlorobenzene-1,2-bis(thiolate) ligands from four adjacent [Cu(SC 6 H 2 Cl 2 S) 2 ] -fragments and a terminally coordinated water molecule. A topological analysis of the crystal structure of compounds 3 and 4 was performed with the aid of the TOPOS software, [23] [24] [25] in which copper bis-dithiolene fragments [Cu(SC 6 H 2 Cl 2 S) 2 ] -and alkaline M + metals were taken as nodes, and the coordination bonds between them as linkers, resulted a sql uninodal tetraconnected Shubnikov tetragonal plane net with (4 4 .6
2 ) symbol for both compounds (Fig. S3) . Additionally, compounds 1-4 were characterized by 1 H and 13 C NMR as well as IR spectroscopy. All these compounds are diamagnetic in agreement with a Cu(III) oxidation state located in a d 8 squareplanar geometry. To complete this study, we have considered interesting to evaluate the influence of the use of different coordinating solvents in the crystallization of the potassium containing compound. As it was mentioned before, the use of wet THF/nheptane afforded the ionic compound (5) were obtained in which copper(I) and copper(III) metal centres coexist (Fig. 4) . It is worth mentioning that this is one of the few cases in which such coexistence takes place. [26] [27] [28] [29] [30] The presence of copper(I) ions to counterbalance the charge of the [Cu(SC 6 H 2 Cl 2 S) 2 ] -fragments generates a substantially different crystal structure. As in compounds 3 and 4, the soft nature of this cation promotes its coordination to the sulfur donor atoms of the 3,6-dichlorobenzene-1,2-bis(thiolate) ligands. However, the low coordination numbers typical of d 10 copper(I) metal centres does not promote an extensive polymerization of the [Cu(SC 6 H 2 Cl 2 S) 2 ]
-entities based on its coordination. In fact, the crystal structure of this compound is comprised of two discrete and one neutral coordination polynuclear entities: a dinuclear complex build up by the anchorage of a [Cu(NCCH 3 + fragments. The copper(I) metal centre in the dinuclear complex adopts a quite regular tetrahedral geometry with a N 3 S donor set, but in the tetrameric complex the tetrahedral geometry is more distorted basically due to the fact that its NS 3 donor set involves two sulfur atoms coordinated to the same copper(III) metal centre. This latter feature of the tetrameric entity makes the copper···copper distance (2.690 Å) to be shorter than the sum of the van der Waals radii indicating the presence of some kind of direct interaction between the copper(I) and copper(III) metal centres. This distance is significantly longer for the dimeric complex entity (3.627 Å). Selected distances are collected in Table S5 Table S6 . Upon solving the structure of compound 6 it was found to be a 2D coordination polymer, isostructural with compound 3 (displaying the same random disposition of the M + and water molecules), and thus with an underlying net of sql topology as well. This result also indicates that the incorporation of water molecules into the coordination sphere of the alkali metal is crucial to stabilize the coordination of the latter ones to the sulfur and chloro donor atoms of the [Cu(SC 6 H 2 Cl 2 S) 2 ] -entities. The dc electrical conductivity of CPs 3 and 4 have been evaluated. The suitable size of the crystals of compound 4 has allowed their characterization using the two-contacts method at 300 K with graphite paste. All the attempts to perform variable temperature measurements were unsuccessful because of its crystal instability, probably due to partial loss of solvent. The electrical conductivity measured in different crystals gave an average value of ca. 10 -7 σ·cm -1 (Fig. S4) . The electrical characterization of crystals of compound 3 was hampered due to their small size. In order to perform a suitable comparison of the electrical properties of 3 and 4, we carried out their electrical characterization using pellets of the two compounds (ESI for experimental details, Fig. S5-S6) . The results obtained confirm that both compounds show similar and moderate electrical conductivity, ca. 3×10 -8 σ·cm -1 , indicating a semiconductivity behaviour. This study suggests that the presence of rubidium or caesium complex cations produce a similar electronic effect in the electron transmission along their different structures. These values are in the range to those found for related CPs formed by metal-dithiolene entities bridged by alkali complexes. 20, [35] [36] [37] 
Experimental
All reactions were carried out either under argon or aerobic atmosphere. All reagents and solvents are commercial and were used as received without further purification. Elemental analyses were performed on an LECO CHNS-932 Elemental Analyzer. 1 H and 13 C NMR spectra were registered on a Bruker Avance III-HD Nanobay 300-MHz. The IR spectra were recorded on a PerkinElmer spectrum 100 spectrophotometer using a universal ATR sampling accessory. mounted on Mitegen MicroMounts. The samples were measured in a Bruker D8 KAPPA series II with APEX II areadetector system equipped with graphite monochromated Mo Kα radiation (λ= 0.71073 Å). The substantial redundancy in data allowed empirical absorption corrections (SADABS) 31 to be applied using multiple measurements of symmetry-equivalent reflections. Raw intensity data frames were integrated with the SAINT program, 32 which also applied corrections for Lorentz and polarization effects. The Bruker SHELXTL Software Package 33 was used for space group determination, structure solution, and refinement. The space group determination was based on a check of the Laue symmetry and systematic absences were confirmed using the structure solution. The structures were solved by direct methods (SHELXS-2014), 34 completed with different Fourier syntheses, and refined with full-matrix leastsquares using SHELXS minimizing ω(Fo 2 -Fc 2 ) 2 . Weighted R factors (R w ) and all goodness of fit S are based on F 2 ; conventional R factors (R) are based on F. All non-hydrogen atoms were refined with anisotropic displacement parameters. All scattering factors and anomalous dispersion factors are contained in the SHELXTL 6.10 program library. Details of the data collection and structure refinement are collected in entity. The nearly planar structure of the complex anion is retained not only when interacting weakly with alkaline cations, but also when it shows more strongly coordinative bonds with copper(I). In the latter case compound 5 was obtained, which represents one of the very few examples of Cu I /Cu III mixedoxidation state compounds. Some of these compounds indicate that the sulfur donor atoms of the [Cu(SC 6 H 2 Cl 2 S) 2 ] -entity and even the chloro substituents are able to anchor additional metal centres, specially softer ones, promoting a further polymerization. The electrical studies carried out in this work with 3 and 4 CPs as compare with those previously reported for related CPs based on metal-dithiolene entities bridged by alkali complexes, 20, [35] [36] [37] suggest that the electrical conductivity is limited to relatively low values, 10 -6 -10 -9 σ·cm -1 , probably because of the limitation in electric current passes through the group 1 metal complexes. These results indicate that the formation of electrically conductive of CPs based on metaldithiolene entities require more efficient connectors.
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